The development and progression of human cancer are believed to be due to the alterations of multiple genes or/ and their protein products. For identifying the proteins associated with esophageal cancer, we analysed the protein profiles of 24 pairs of esophageal squamous cell carcinomas/matched adjacent normal epithelia. Microdissection of routinely unstained frozen sections was performed to purify cancerous and epithelial cells. The protein expression profiles were obtained by twodimensional electrophoresis. Selected proteins dysregulated in tumors were identified by MALDI-TOF-MS. Three isoforms of annexin I were detected in normal esophageal mucosa and down-regulated in esophageal squamous cell carcinomas. RT -PCR analysis showed annexin I mRNA levels were significantly reduced in 17 out of 24 carcinomas. Immunohistochemistry demonstrated that annexin I appeared strong positive in all normal epithelia layers except basal cells. In cancer tissues, decreased expression of annexin I was observed in 12 out of 16 well differentiated tumors, 16 out of 17 moderately differentiated tumors, and 3 out of 3 poorly differentiated tumors as compared with the corresponding normal esophageal epithelia. There was a significant correlation between annexin I expression and the status of tumor differentiation. Well differentiated tumors presented stronger immunohistochemical reaction than moderately and poorly differentiated tumors. These data suggested that there existed three different isoforms of annexin I in normal esophageal epithelia, which may be the results of post-translational modification. Downexpression of three annexin I isoforms was a frequent event in esophageal carcinogenesis.
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Introduction
Esophageal cancer is one of the most common malignancies, and ranks as the sixth most frequent cause of death in the world (Pisani et al., 1993) . However, the incidence of esophageal cancer varies extremely among regions. The predominant cancer in esophagus is the squamous cell type. Esophageal tumorigenesis has been reported as complex process characterized by mutational activation of oncogenes and by the inactivation of tumor suppressor genes (Lam, 2000) . Yet the precise mechanism of tumor development remains elusive. Proteomic study provides an understanding of cellular behavior in terms of abundance and status of proteins. It deals with the protein architecture of a cell or the variations in translation (protein) activity in the cell. There is growing evidence that protein profiling of the expressed genes in tissues and individual cells is more likely to give better insights into diseases and the molecular effects of drugs.
Annexins are a structurally related family of Ca 2+ binding proteins of undetermined biological function; various annexins have been implicated in cellular processes, including modulation of phospholipase A2 activity (Crompton et al., 1988) , membrane skeletal linkage (Roy-Choudhury et al., 1988), proliferation (Schlaepfer and Haigler, 1990) , differentiation (Violette et al., 1990) , inflammation (Vishwanath et al., 1992) , and blood coagulation (Tait et al., 1988) . Annexin I (lipocortin 1, ANX-I, p35) is a substrate for the EGFstimulated tyrosine kinase and is postulated to be involved in mitogenic signal transduction. It is also in vitro and/or in situ substrate for platelet derived growth factor (PDGF), insulin and hepatocyte growth factor/ scatter factor (HGF/SF) receptor tyrosine kinases (see review by Rothhut, 1997) . Canaider et al. (2000) showed that endogenous intracellular annexin I played a role in the promotion of apoptosis in cells of the myelo-monocytic derivation. Recent investigations suggested that loss of annexin I correlated with early onset of tumorigenesis in esophageal and prostate carcinoma Paweletz et al., 2000) . In this study, we report that the existence of three isoforms of annexin I in normal esophageal epithelia and their frequent down-expression in esophageal squamous cell carcinomas (ESCC) were detected by proteomic method.
Results

Identification of dysregulated proteins with MALDI-TOF-MS
Protein profiles from microdissected normal epithelium and tumor cells from 24 patients were displayed by two-dimensional electrophoresis (2-DE). Silver-stained gel images were analysed by Image-Master software. After autodetection of protein spots, gel images were carefully edited including quantification of protein spots, as well as the resizing, alignment, and matching between different 2-DE gels and between tumor and corresponding epithelium cells. 2-DE maps were then matched in a main matchset, and additional small matchsets were constructed for pairwise comparison between duplicate analysis.
By 2-DE coupled with MALDI-TOF-MS, 20 proteins were found to be dysregulated in esophageal tumors as compared with adjacent normal epithelia, of which six were up-expressed and 14 proteins downexpressed in cancer tissues. Three protein spots, with pI 5.5, 6.7, 8.2 and molecular mass of &37 kDa, were observed to be down-regulated in the 2-DE images of 15/24 tumors (Figures 1, 2 ). All these three spots were identified as annexin I by mass spectrometric analysis (Figure 3 ). The amino acid sequence coverages were 50, 42 and 37%; and the protein scores were 114, 83 and 88 respectively, greater than significant score 57 (P50.05).
Down-expression of annexin I mRNA in esophageal cancer
RT -PCR was carried out to further verify the expression of annexin I at the mRNA level in 24 tumor tissues and matched adjacent normal epithelia. Annexin I mRNA was decreased in 17 out of 24 tumors, and the others showed no difference between tumor and normal epithelia (Figure 4 ).
Loss of annexin I protein in esophageal cancer
Western blot analysis was performed in four esophageal tumors and patient-matched normal epithelia using a commercially available McAb against annexin I. An equal amount of protein loading was justified by RT -PCR was performed using specific primers for annexin I as described in Methods. a-actin was used as internal control for the amount and the integrity of the RNA. The decreased expression of annexin I mRNA was observed Three isoforms of annexin I were down-regulated in esophageal cancer S-H Xia et al differentiated tumors, and in all three poorly differentiated tumors, as compared with the corresponding normal esophageal epithelia. There was a significant correlation between annexin I expression and the status of tumor differentiation. Well differentiated tumors presented stronger immunohistochemical reaction than moderately and poorly differentiated tumors. However, in highly keratinized zones of well differentiated tumors, annexin I staining was observed only in cancerous cells surrounding, but not in the keratinized center. Tumor cells with low differentiation exhibited weak or negative staining.
Discussion
There are considerable epidemiological evidences suggesting that many genetic and environmental factors are involved in the pathogenesis of esophageal cancer. These factors render the esophageal mucosa more susceptible to injury. In this study, we used proteomic method to detect protein changes in Chinese esophageal squamous cell carcinomas.
One of the main problems with protein profiles of cancerous tissues is the heterogeneous nature of most tumor samples. Sources of heterogeneity include a variable proportion of cancer cells relative to noncancer cells, and a variable degree of tissue damage, apoptosis, and necrosis (Ou et al., 2000) . Precise recovery of desired cell populations from human tumor samples is technically challenging. Laser capture microdissection (LCM) has been used to harvest pure cells Chang et al., 2001) . LCM is carried out on frozen sections stained by hematoxylin. This probably leads to the conjugation of proteins to some dye molecules and the 2-DE patterns are therefore changed. On the other hand, the thick of sections used for LCM is usually about 10 micrometer. The harvest process of cells enough for 2-DE is laborious and time-consuming. We used unstained 50 mm frozen sections to procure the pure tumor and normal epithelial cells by microdissection. The 50 mmthick frozen sections were not stained by any dyes. The cells of interest were located under microscope according to the 8 mm sections HE-stained. So the proteins obtained from unstained sections would not conjugate any dye molecules, the intacted patterns of 2-DE were easy for the following analysing. Meanwhile, the quantity of harvested cells is enough for the 2-DE in a short period of time. Using this approach, as many as 1500 spots were detected on the 2-DE gels, and the gels between different specimens matched well.
In 2-DE coupled with MALDI-TOF-MS, we found the presence of three isoforms of annexin I in normal esophageal epithelia, and they all were down-expressed in esophageal squamous cell carcinomas. Annexin I, a 37 kDa member of the annexin superfamily of proteins, originally evoked interest as one of the second messengers of the anti-inflammatory actions of the glucocorticoids. Subsequent research has shown that the protein plays a major regulatory role in systems as diverse as cell-growth regulation and differentiation, neutrophil migration, CNS responses to cytokines, neuroendocrine secretion and neurodegeneration. Some investigators previously reported the alteration of annexin I in esophageal cancer (EmmertBuck et al., 2000; Paweletz et al., 2000) . In the present study, we found that there existed three annexin I isoforms of the same MW, but different pI values in normal esophageal epithelia. We think that protein modifications of annexin I occurred, which were probably the results of phosphorylation. Paweletz et al. (2000) suggested that the downexpression of annexin I correlated with ESCC tumorigenesis. We found that in normal-appearing paracancerous mucosa, annexin I proteins were strongly expressed in more differentiated cell layers of normal epithelia but not in basal cells. Tumor cells with low differentiation exhibited weak or negative staining. Annexin I expression increased obviously from moderately to well differerentiated tumors. Our data suggested that annexin I expression was related to the differentiation status of esophageal carcinomas, which was consistent with the previous observations in the cell line of lung cancer (Solito et al., 1998) . Interestingly however, in highly keratinized zones of well differentiated tumors, annexin I staining was seen only in cancerous cells surrounding but not in the keratinized center.
Annexin I protein was detected in various types of breast cancers, including noninvasive ductal carcinoma in situ (DCIS), invasive and metastatic breast tumors, but not in the ductal luminal cells of normal breast tissues and benign tumors. These indicate that annexin I expression is most likely involved at an early stage of human breast cancer development (Ahn et al., 1997) . Similarly, annexin I was strongly expressed in hepatocytes of transgenic mice during constitutive development of hepatocarcinoma. In contrast, primary hepatocytes isolated from normal mice did not express annexin I (de Coupade et al., 2000) . Recent studies Three isoforms of annexin I were down-regulated in esophageal cancer S-H Xia et al reveal that up-regulation of annexin I can inhibit tumor necrosis factor-induced apoptosis in human leukaemic cells, which is possibly a mechanism of resistance to immune surveillance (Koseki et al., 1997; Wu et al., 2000) . In view that the presence of three isoforms of annexin I in normal esophageal epithelia and down-regulated in esophageal squamous cell carcinomas, it will be important to pursue further investigation into the physiological function in normal esophageal epithelia and their role in the carcinogenesis of the esophagus.
Materials and methods
Tissue specimens
Esophageal squamous cell carcinomas and adjacent epithelia were collected shortly after operation at the Cancer Hospital of Chinese Academy of Medical Sciences and Peking Union Medical College, and kept at 7808C until use. All samples were examined by a pathologist in order to obtain representative, viable and nonnecrotic tumor tissues.
Preparation of frozen section and microdissection
Fresh tumors and matched epithelia were washed three times with iced PBS and serially cut into frozen sections, five thick (50 mm) to every thin (8 mm) section. The 8 mm sections were HE-stained to check the pathologic status and to locate the desired cells, and the 50 mm thick sections were used for microdissection (Figure 7) . Microdissection was conducted with Opton Micromanipulator. Cancer cells and normal epithelial cells were scraped under microscope according to HE staining results (Figure 8 ). The cells microdissected were harvested and washed with ice-cold PBS. About 100 000 cells were necessitated for one 2-DE.
Cell lysis and 2-dimensional electrophoresis
Harvested cells were disrupted with a cocktail of 8 M urea, 4% CHAPS, 40 mM Tris, 1 mM PMSF, 20 mM spermin, 2 mg/ml aprotinin, 2 mM tetrabutylammonium phosphate, Carrier Ampholyte, DNase I and RNase. Lysate was kept on ice for 1 h before centrifugation at 12 000 g for 30 min. The supernatant was removed to the other pullet, and stored at 7708C until use. Bradford method was used to assay the proteins concentration.
First-dimensional isoelectric focusing was performed on precast 18 cm, linear pH 3-10, IPG Drystrips at 208C, with a maximum current setting of 50 mA/strip using an Amersham Pharmacia IPGphor IEF unit. The strips were rehydrated for Figure 7 Preparation of frozen sections. The bulk tissues were cut into 50 mm and 8 mm sections, five thick sections every thin section. The 8 mm sections were HE-stained to check the pathologic status and locate the desired cell, 50 mm thick sections were used for microdissection 13 h in ceramic strip holders in 350 ml loading buffer. For analytic 2-DE followed by silver staining, 100 -150 mg of protein was loaded, and 1 mg of protein was applied for micropreparative 2-DE followed by CBB staining. After rehydration, IEF run was carried out using the following conditions: (1) 30 V, 13 h; (2) 200 V, 2 h; and (3) 1000 V, 1 h; (4) 3000 V, 1 h; (5) 8000 V, 9 h. Before carrying out second-dimensional SDS -PAGE, the strips were subjected to a two-step equilibration. The first was with an equilibration buffer consisting of 6 M urea, 30% glycerol, 2% SDS, 50 mM Tris-HCl (pH 6.8) and 1% w/v DTT. The second step was with a buffer consisting of 6 M urea, 30% glycerol, 2% SDS, 50 mM Tris-HCl (pH 6.8) and 2.5% w/v iodoacetamide. The strips were transferred onto the second-dimensional SDS -PAGE gel, sealed in place with 1% agarose. SDS -PAGE was performed on 1.0 mm thick 12.5% polyacrylamide gels at a constant voltage of 150 V at 208C using Bio-Rad Protean II vertical slab gradient electrophoresis unit.
Gel staining, scanning and image analysis
After 2-DE, the gel was stained with silver nitrate if it was for analysis, otherwise it was stained with CBB R-250 for preparative purpose. Both stainings were performed by standard procedures. Imagescanner TM was used to scan the gels, then the images were analysed by Imagemaster 2-D Elite software (Amersham Pharmacia).
In-gel digestion and identification of polypeptides
Altered-expression protein spots from the preparative gels were digested in a modified four-step procedure as described by Beranova-Giorgianni and Desiderio (2000) . Briefly, (1) protein spots were excised from the gels, washed in 50 mM NH 4 HCO 3 /acetonitrile (60/40) and dried by vacuum centrifugation; (2) 12 mg/ml sequencing grade modified porcine trypsin in 50 mM NH 4 HCO 3 digestion buffer was added to the dried gel pieces and incubated at 378C, 12 -16 h; (3) Peptides were recovered by three extractions of 30 ml of the digestion mixture with 50% ACN/5% TFA; (4) The recovered extracts were dried in a Speed-Vac and resuspended with 10 -15 ml 50% ACN/2.5% TFA.
The upper tryptic digests were desalted by Ziptip TM C-18 (Bio-Rad), cocrystallized in a matrix of a-cyna-4-hydroxycinnamic acid. The peptides were applied to Bruker Reflex III MALDI time-of-flight mass spectrometer, equipped with the Scout source. All MALDI spectra were externally and internally calibrated using two standard peptide mixtures. Databases for protein identification were searched at the website (http//www.expacy.ch/tools/ and http//www.matrixscience.com).
Western blot analysis
Cell extracts were prepared (see above), and total protein (40 mg) was run on 12% SDS-polyacrylamide gels and then transferred to nitro cellulose membranes. Blots were blocked overnight and probed with affinity purified polyclonal antibodies against annexin I. After washing, the blots were incubated with horseradish peroxidase-conjugated secondary antibodies and visualized using the Amersham enhanced chemiluminescence ECL system.
RNA preparation and RT -PCR
Total RNA extraction from fresh tissues was performed with Trizol and 5 mg of total RNA was used to synthesize the first strand of cDNA using Superscript II. The nucleotide sequences of the primers for PCR amplification of annexin I were the following: sense primer, 5'-TAGGGTTT-TATGGTTTGGGGAAAAC-3'; and antisense primer, 5'-GCACTTCACGATAGCTGTGAGGG-3'. The length of PCR product was 492 bp. The PCR reaction was performed at 948C for 1 min, 568C for 1 min, and 728C for 1 min. The amplified 446 bp fragment of b-actin cDNA was used as an internal control.
Analysis of annexin I protein expression by immunohistochemistry
Immunohistochemistry was performed on both tissue microarrays and routine formalin-fixed, paraffin-embedded samples, using monoclonal anti-annexin I antibody. The tissue microarrays were constructed with 36 cases of carcinomas and the corresponding normal epithelia, which contained 216 micro-specimens. For each case, normal tissues were repeated two times and the cancer tissues were repeated four times. Microarray sections and routine paraffinembedded sections were deparaffinized and rehydrated. The slides were incubated with mouse monoclonal anti-annexin I antibody (1 : 100) and visualized by rabbit anti-mouse IgG-HRP (1 : 150).
